AD=AO90 152 RICE UNIV HOUSTON TX DEPT OF PSYCHOLOGY F/6 5/10
ATTENTION = CONTROL IN THE FREQUENTISTIC PROCESSING OF MULTIDIM==ETC (U)

JUL 80 T E MARQUES N00014=78=C~0555
UNCLASSIFIED TR=-80-13

fre2

A
Asuis:




RICE UNIVERSIT
Houston, Texas 77001

AD A090152

'Attention-Control in the Frequentistic

Processing of Multidimensional

Event Streams

Todd E. Marques

Rice University
Technical Report #80-13

August 1980

Depuriment of Psychelogy 0CT141880, ] ¢

A

ent appro
for public relevss aaxd sale; iss
distribution is ualimited

80 10 9 g




/§%2523,4J_22\

Attention-Control in the Frequentistic
Processing of Multidimensional

Event Streams

Todd E. Marques
Rice University
Technical Report #80-13
August 1980

This research was supported by the Engineering Psychology
Programs, Office of Naval Research, ONR Contract N0O0O14-78-C-0555
Work Unit NR197-050.

’ Approved for rblic release; distribution unlimited.

Reproduction in whole or part is permitted for any purpose
of the United States Government.




—
' v
] e § 717

SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

ORT NUM

¢ 2. GOVT ACCLESSION NOJ
Technical Report 80-13

1 _TITLE (nd Mt Attention - Control in the -
Frequentistic Processing of m1tid1mensiona1
Event Streams ’ Ve
e e
7. AL p— -
g'l‘odd E.;bhrques . /5’

3. RECIPIENT'S CATALOG NUMBER

8. TYPE OF REPORT & Dl 100 COVERED
Technica 'E

4-15-80 to 7-15-80

6. PERFORMING ORG. REPORT NUMBER

'd

9. PERFORMING ORGANIZATION NAME AND ADDRESS

. 06 MEN
AR!A [ ] 'ORK UNIT NU“I!RS.

ny:T/L fbl / /DT;

Department of Psychology ./ 4
Rice University | - NR197-050 (“ 99 /
Houston, TX 77001 T )
1. CONTROLLING OFFICE NAME AND ADDRESS
Engineering Psychology Programs @ JulgFms /
Office of Naval Research
Code Y455 .

"ONI ORING AGEN 1&“‘ & ADDRESS(it ditterent trom Controlling Oftice) 18, SECURITY CLASS. (of this report)

Unclassified

Se. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

/}Pr s Tu) A

6 —-DISTRIBUTION STATEMENT (of ihie Repent)

Approved for public release; dlstributmn unlimited

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KKy WORDS (Continue on reverse gide il y and |

Frequency estimation, frequentistic encoding,

ly by block number)

frequentistic retrieval, special effortful processing strategies

frequentistic storage,

[30. ABSTRACT (Continue on revevas side I y and identify by Sleck number)

of more realistic complexity. Therefore, the

~ Cognitive researchers have suggested that peeple encode the fre-
quency attribute of items repeated in memory lists as an "automatic”
by-product of their primary task (e.g. recall, recognition). Previous
studies of our own, however, have questioned this automaticity for tasks

out to clarify the role of active processing in frequency estimation

present series was carried

o0 uun “73 EDITION OF 1 MOV €8 IS OBS0LETE Unclassified j,l. é \5{% J/}
mmrr.émﬁ

NPOP1y-78-C-@555 B B




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

(FE). Experiment 1 was simply a preliminary exercise designed to
identify individuals with good time-sharing skills for use in subsequen
studies. Experiment 2 used a "policy-capturing" approach to estimate
the amount of importance attached by each subjeect to each dimension

in an applicant-rating task.- Under the assumption that the sheer
amount of attention paid to each dimension should be roughly propor-
tional to its perceived importance, the hypothesis was that FE perfor-
mance should parallel dimensional weight. That it did not, and .
further, that overall FE performance was rather poor, suggested that
frequency encoding in real-world tasks is in no sense "automatic™.
Moreover, sheer amount of attentive .effort does not seem sufficient
for the encoding of event frequency. *Experiment 3 sought to determine
whether the attentive effort must be invested in specific kinds of
processing in order to produce better FE'sX Here, a dual-task para-
digm was used in which applicant rating and dimensional FE were both
introduced at the outset as explicit and competing task requirements.
If FE requires special effortful encoding processes, performance
should improve at the expense of rating (and vice versa); if instead
frequency information can be encoded "automatically", there should

be no such trade-offs. The results clearly indicated the operation of
mutual interference, suggesting that FE in realistic settings

requires both attentive effort and the investment of that effort

in specific encoding activities.

.

SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entored)




ACKNOWLEDGMENTS

This research was supported by the Engineering Psychology Pro-
grams, Office of Naval Research, ONR Contract N00014-78-C-0555, Work
Unit NR197-050. I would like to thank Drs. William C. Howell, David
M. Lane, John W. Brelsford, Jr., and David J. Gow for their many con-
structive comments and suggestions at all phases of this project.
Special thanks are due my adviser, Dr. Howell, who contributed great-
ly to the quality of my graduate training, and who, perhaps more im-
portantly, served as a model of professional integrity by invariably
conforming to its highest possible standards. Special thanks are
also due Dr. Lane for his invaluable contributions to my intellectual
development. The assistance in data collection from Mark Schadge
and Terry Watson is gratefully acknowledged. Finally, I am thankful

for the indispensable moral support provided by my loved ones.




TABLE OF CONTENTS

Page
Abstract . . . . . . L . .o e e e e e e e i
Acknowledgments. . . . . . . + . v 4 4t e e n v e e e iv
Introduction . . . . . . ¢ « ¢« v v e vt e e e e e e 1
Experiment 1 . . . . . ¢ « ¢« ¢ v o 0 i e v e e e e 37
Method . . . .. . .. .. e e e e e e e e e e e 38
Results and Discussion . . . . . . . . . . . ... 42
Experiment 2 . . . . . . . . .4 0 e e e e e e . . 47
Method . . . . . . . . . . i e ... 48
Results and Discussion . . . . . . .. . ... .. 56
Experiment 3 . . . . . ¢ . 0 o0 e e e e e e e .« . B3
7 Method . . . . & . &« o v i e e e e e e e e 63
Results and Discussion . . . . . . . . . . .. .. 67
General Discussion . . . . . . . . . . . 0 0 e e 00 75
Reference Notes . . . . . . . . « v v o v« v o o 4 o s 80
References . . . . . ¢ v . 4 e v e e e e e e e e e e 81
<




INTRODUCTION

The ability to judge the frequency with which events occur appears
to underlie human performance in a wide variety of cognitive tasks.
Verbal discrimination learning (Ekstrand, Wallace & Underwood, 1966;
Schmidt, 1978), the development of object and event classification sys-
tems (Rosch, 1978; Rosch, Simpson & Miller, 1976) attributions of caus-
ality (Kelly & Michela, 1980) and a host of human judgment tasks such
as probability estimation, prediction and choice (Attneave, 1953; Estes,
1976a, 1976b; Howell & Burnett, 1978) all draw upon stored records of
event occurrences.

Over the past 20 years, numerous studies have investigated sensi-
tivity to frequency. Most have involved a common core of task demands;
namely, subjects have been exposed to a series (or stream) of items (or
events) and asked subsequently to recall the frequency with which a par-
ticular target item or set of targets appeared. There have been method-
ological options within the general frequency estimation (FE) paradigm
that have differed according to the specific topic under investigation.
These options may be classified into four broad dimensions. (a) Response
requirement constitutes one of the most critical elements in frequency
studies. The conventional responses have been absolute, relative and
proportional frequency judgments. Absolute judgments demand a precise
numerical estimate of the number of times a target appeared within a
particular list or time frame. Relative and proportional judgments in-

volve much cruder estimates. In the former case, the question is merely
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2
one of determining the more frequent of two (or more) targets, while the
latter case involves a judgment of the ratio of target frequency to the

total number of items within a particular list. (b) Stream character-

istics have been manipulated extensively and have provided the basis

for many inferences regarding the memorial representation of frequency.
Critical stream characteristics include length, or the number of items
per list, target distribution (i. e. massed vs. spaced), item pacing/
exposure duration, and dimensionality -- or the number of items presented

simultaneously to the attending subject. (c) Stimulus characteristics

are highly important variables in investigations of frequency sensi-
tivity and yet have not been manipulated to the extent of the afore-
mentioned dimensions. Typically, lists of simple verbal and non-verbal
stimuli have been utilized, such as consonant-vowel-consonant strings
(CVCs), 3-8 letter nouns, and single-and multiple-place digits. By con-
trast, some investigators have explored frequency sensitivity in a
variety of more complex and realistic task and response domains such

as the estimation of frequency for various causes of death (Lichtenstein,
Slovic, Fischnoff, Layman & Combs, 1978) or particular characteristics
of hypothetical applicant populations (Marques & Howell, Note 1). The
role of stimulus characteristics will be elaborated later in this paper,
particularly with reference to the automaticity of frequentistic in-

formation processing. (d) Pre-experimental instructions have been

manipulated in attempts to distinguish automatic and control processes
underlying the encoding of frequentistic information. Instructional

manipulations generally have taken one of two forms: they have omitted
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any reference to an upcoming frequency estimation (FE) task, or they
have misled subjects into anticipating a memory task other than FE,
when, in fact, FE was ultimately required. The comparison of FE per-
formance across different instructional conditions has led several re-
searchers (e. g. Flexser & Bower, 1975; Hasher & Chromiak, 1977) to
conclude that sensitivity to frequency is the result of an "automatic
mechanism", and thus virtually free of attentional demands. This as-
sertion has far-reaching implications that will be discussed later in
the present paper.

Despite the extensive literature in the area of frequency sensi-
tivity and the variety of experimental manipulations employed, the
cognitive processes associated with the formation, use and revision
of frequency records remain poorly understood. This failure is largely
attributable to the fact that frequency sensitivity is extremely dif-
ficult, if not impossible, to study apart from basic memory/informa-
tion processing coperations such as encoding, storage.and retrieval.

For the most part, frequency investigations have been conducted and
interpreted in the context of one or another of these operations there-

by yielding an incomplete representation.

Representation of frequency in memory

One of the earliest theoretical accounts of frequency represen-

tation centers around the notion that trace strength is the key cog-

nitive index of repetitiveness. According to this view, the trace of

an event is strengthened with each successive event occurrence, and
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frequency information is derived by the gauging of trace strength. Qb-
viously, the stronger the trace, the greater the frequency of the cor-
responding event is perceived to be. As Hintzman (1976) pointed out,

the primary appeal of the strength hypothesis has been one of theoreti-

cal parsimony: that is, strength alone was thought to mediate recogni-
tion, recall and frequency estimation. Whatever additional popularity
the hypothesis enjoyed may have been due to its consonance with the
once prominent Hullian and Pavlovian accounts of learning that focused
on such constructs as habit strength.

Early empirical investigations were basically supportive of the
strength hypothesis. [In one study, Erlick (1961) found perceived fre-
quency of an event to be a simple logarithmic function of true frequency.
Hintzman (1969, Experiment 1) presented subjects with lists of 3-letter
nouns in which the frequencies of target words were 0, 1, 2, 4, 6 and 10.
Subjects then provided frequency judgments which reflected a level of
sensitivity comparable to that demonstrated by Erlick (1961). In fact,
numerous studies involving a variety of experimental manipulations
have produced similar findings. So pervasive is the finding that, in
a review of the literature, Howell (1973a, p. 51) concluded "The main
point of agreement in the experiments reviewed here is that subjects
show a remarkable facility for synthesizing and storing the repetitive
attribute of event occurrences." There is evidence, however, to sug-
gest that this well-documented sensitivity is not the result of the
straightforward representational process suggested by the strength

hypothesis.
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Erlick (1964) asked subjects to provide FEs based on lists con-
taining 20, 40, 60, 120 or 240 items (the letters A & C) presented at
a rate of four per second. Results included (a) a positive relation-
ship between FE performance and item list length, (b) a general res-
ponse bias with proportional FEs commonly in the range of 40-60%, ir-
respective of true frequency, (c) systematic underestimation of mid-to-
high frequency item occurrences and overestimation of low-to-mid fre-
quency occurrences, and yet (d) superior FE performance for extremely
low (0-20%) and high (80-100%) frequencies. The strength hypothesis,
in its most basic terms, cannot account for the systematic biases des-
cribed here. Erlick (1961) also examined the relationship between tar-
get distribution and perceived frequency of two random sequential events,
the letters S and N. When the frequency of the two letters was equated,
the Tetter having the higher degree of clustering was judged to be
more frequent. Using essentially the same paradigm, Hintzman (1969,
Experiments 2 & 3) found the opposite relationship. Hintzman mani-
pulated target spacing such that 0, 1, 2, 4, 8 or 16 items separated
target repititions. Basically, he found the FEs were higher with in-
creased target spacing. He arqued that the spacing effect was due
to the fact that contiguous, or nearly contiguous target repititions
were not consolidated into long-term store (LTS). Thus, massed tar-
gets would not necessarily be perceived as distinct events and, there-
fore, subsequent FEs would not reflect the true frequency of target
representation. QOther investigators have reported findings consis-

tent with Hintzman's when verbal targets (e. g. short nouns) were

et o—————
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6
used (e. g. Radtke, Jacoby & Goedel, 1971). The fact that Erlick (1961)
and Hintzman (1969) reported opposite findings may be indicative of
differential processing strategies associated with verbal and non-ver-
bal stimuli (Howell, 1973b).

Hintzman and Block (197Q0) entertained two hypotheses concerning
the cause of the spacing effect: (a) the massing of targets results
in a deficient memorial representation of frequency, {that is, con-
solidation failure), and (b) differential retrieval processes are as-
sociated with massed and spaced items. These investigators presented
subjects with a series of 3-letter nouns in which the frequency of tar-
get spacing was either 0, 1 or 5 items. The subject samplie was divided
equally into two groups; one group was then given a standard absolute
FE task and one group was asked to judge the number of times various
targets appeared in succession (i. e. the length of a string of Tike
target elements.) Results showed the familiar spacing effect for the
FE task. More interesting was the finding that when asked to estimate
the number of successive occurrences of a target, subjects were rea-
sonably accurate. This, of course, suggests that the same information
is stored for massed and spaced events and that the spacing effect is
indeed due to differential retrieval processes. An important point to
be made here is that none of the findings presented thus far is par-
ticularly damaging to the strength representation of frequency although
certain conceptual refinements appear warranted. Even the differen-
tial FE performance for extreme target proportions (identified by

Erlick) is managable. Consider the following scenario: a person




types a word on a sheet oi paper, but the ribbon is worn and so it is
necessary to backspace and overstrike each of the letters until the
desired darkness is achieved. No doubt, the first overstrike of the
word would produce a marked increase in darknéss. It is quite likely,
however, that each successive overstrike of the word would result in
less distinctive differences in darkness. That is, the typed impres-
sion is scarcely darker to the "naked eye" after 21 overstrikes than
it is after 20 overstrikes. Yet, the difference between one and two
overstrikes is readily discernable. Considering the typed words as
metaphors for memory traces, the differential performance findings
seem sensible. With few event impressions coded in memory, subsequent
event repetitions are more pronounced, and therefore the gauging of
event strength is more accurate. Thus, FE would be expected to de-
cline as a function of list length, or "memory load." The somewhat
paradoxical improvement in FE performance with the use of extremely
high frequency events can be explained in basically the same terms as
the low frequency case. Consider a list consisting of occurrences of
two letters, S and N. If a subject is informend that he/she will be
required to estimate the frequency of either letter it behooves the
subject to track the less frequent event. If, for example, the letter
S occurs 99% of the time and the letter N occurs 1% of the time, the
precise number of N occurrences will be more accessible. This being
the case, the subject should attend to the N item: if he/she is called
upon to estimate the frequency of S, he/she has only to subtract the

frequency of N from the total number of list items.




An alternative view to the strength hypothesis supposes that an
event repetition is represented uniquely in memory in the form of a
separate trace. According to this view, referred to as the multiple-

trace hypothesis, frequency estimations are based upon the number of

traces that can be retrieved for a particular event; the greater num-
ber of traces retrieved, the greater the perceived frequency. There
has been considerable empirical support for this position.

Hintzman and Block (1971, Experiment 2) partitioned a 50-word
list into 4 quadrants with 18 targets repeated in two different
quadrants. The purpose was to determine if information about fre-
quency and serial position of targets was represented separately in
memory. One interpretation of a positive result would be that repeti-
tive events are tagged independently and stored in the form of mul-
tiple-traces. Subjects were required to report the quadrant number
in which the various target words appeared, and they were given the
option of reporting two locations if they believed the words were re-
peated. In addition to the 18 experimental words or targets, several
distractors were included as an index of "false-alarm rate." A 16%
false alarm rate was reported, of these 14% were single presentation
items and 2% were double presentation items. This compared with an
overall hit rate of 86% for single and 98% for double presentation
items. Separate ANOVAs were computed for first and second position
judgments of repeated words. The results showed conclusively that tar-
get localization judgments were affected by the actual serial posi-

tions of the target within the list.
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In Experiment 3, Hintzman and Block sought to demonstrate that
memory for event repetitions included information about target fre-
quencies from different event streams. After being exposed to stan-
dard memory-task instructions, subjects viewed two word lists that
were separated by a 5-minute filler task. The subjects were not told
in advance that they would be viewing two lists so as to avoid the
possibility that mnemonic strategies would be developed to code the
source of the target words. Four words were randomly assigned to each
of the three repetition conditions, 0, 2 and 5 for either list. Fol-
Towing the presentation of the second list, subjects were asked to
report the frequency with which the target words appeared in both
lists. Mean judgments for the 1ist/frequency level combinations were
analyzed using multiple regression procedures. The true frequency
of List 1 targets accounted for 89.6% of the response variability in
List 1 and 10.2% of List 2 variance, while the corresponding figures
for List 2 were 7.2% and 86.4%. Hintzman and Block have offered sup-
port for the multiple-trace representation of frequency by demonstrating
a ganeral sensitivity to the relative contribution of two sources to
the overall frequency of a repetitive event. Were the frequentistic
information for a particular type of event stored in the form of a
unitary trace, such a sensitivity would be impossible.

Hintzman and Block have argued on the basis of the findings men-
tioned above that temporal and spatial "tags" operate to distinguish
separate event repetitions. Howell (1970) also found that subjects

are able to distinguish frequentistic and temporal properties of an
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event. Hintzman, Block and Summers (1975, Experiment 3) presented
subjects with sequences of pictures that occurred either 1, 2 or 3
times at exposure durations of 2.2, 5.2 or 8.2 seconds and found
that subjects were remarkably good at estimating frequency and dura-
tion of repetitive events. Furthermore, Hintzman, Block and Summers
(1973) found that frequency judgments could be made easily in the
case where the stimuli were received in more than one modality. Thus,
Hintzman et al. (1973, 1975) appear to have documented the existence
of temporal, spatial, modality and perhaps orthographic tags by which
memory traces can be differentiated. In a broader sense, those data
reinforce basic theoretical ideas about the nature of human memory.
Bower (1967) and Underwood (1969), among others, have argued that an
event is represented in storage by a collection of defining attributes.
Underwood (1969) postulated the existence of several independent at-
tributes: (a) temporal, (b) spatial, (c) wmodality, (d) associative -
which are used to code contextual information relating to an event,

(e) orthographic - which code structural or physical properties of
events, and (f) frequency. There is, of course, considerable dis-
agreement among investigators and theorists concerning the specific
nature and function of the various trace attributes. The potential
existence of the frequency attribute is especially controversial. The
existence of such an attribute stands in contradiction to the multiple-
trace representation in that it does not allow for multiple representa-
tions of events (Howell, 1973a). Contrary to Underwood's formulation,

the bulk of the experimental evidence supports the notion that
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repetitions are stored separately in memory rather than in the form
of a unitary multicomponent trace.

Another form of frequentistic representation has been referred
to as numerical inference by Howell (1973a). Orawing on the work of
Kaufman, Lord, Reese and Volkmann, (1949) and Shuford (1961), Howell

suggested that individuals may store numerically-based impressions of

; event frequencies which are subject to"updates" based on the periodic
counting of event samples. Similarly, Whitlow and Estes (1979) have
argued that frequency estimates are based primarily on current or re-
cent observations, This implies a differential weighting of current
and historical evidence in the formation of frequentistic impressions

(Marques & Howell, Note 1).

The fundamental distinction between multiple-trace and numerical
inference representations of frequency lies in the intuitive data
base. Recall that according to the multiple-trace view, FEs are de-
rived from the retrieval of literal representations of distinct event
occurrences, whereas the data base which forms the foundation of num-
erical inferences is non-literal, a collection of summary (or statis-
tical) information concerning the stochastic properties of event

streams.

Frequentistic retrieval processes

Ask an individual his/her age and an immediate and highly ac-
curate response will be (or at least can be) obtained. Ask the same

individual the number of times he/she has dined out with company in
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the past two weeks and the latency and perhaps even the accuracy of
the response may differ markedly from the former question. Both
questions involve the retrieval of repetitive events, birthdays in the
former case, dinner engagements in the latter case. Yet the types of
events are certain to be represented differently in storage. Conse-

quently, different retrieval processes will be involved. For an indi-

-,

vidual to respond to a question concerning his/her age, he/she has

only to assess or retrieve a single "number" and report it. This "num-
ber" is probably updated periodically (i. e. on each birthday anniver-
sary) in much the same way that the previously described numerical in-
ference processes operate. On the other hand, estimating the number
of recent dinner engagements may require a variety of memorial search
strategies, and even then the response may be "just a guess," parti-
cularly if the individual is under some time pressure to respond.

As Overton and Adolphson (1979) have argued, most investigations
of frequency (esp. those concerning the multiple-trace hypothesis)
have been concerned with the representational or structural form of
frequency in memory, few investigations have focused on the cognitive
processes associated with the retrieval of frequentistic information.
The present section will address these processes with emphasis placed

on memorial search options and mediating factors such as the "depth"

of processing, "salience," "availability" and related concepts.
Radcliff (1978) has developed a tuning-fork metaphor for memory
search in a recognition task. According to the model, the initiation

of search for a target event or object invokes the search of adjacent
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locations in much the same way that the striking of a tuning fork eli-
cits sympathetic vibrations in nearby tuning forks. For recognition
memory, the search (or ringing) is terminated upon the location of a
target. If the target is not located, retrieval is terminated after i
an exhaustive search. The same sorts of strategies may be involved in <
the retrieval of repetitive information. Reconsider the hypothetical
question posed above concerning dinner engagements. When asked such
a2 question, an individual will search memory for occasions in which
dinner was eaten out. In this case, search will not terminate upon the
first localization, rather it will continue until memory for the entire
period of time (e. g. 2 weeks) in question has been sampled. This is
a real-world example of exhaustive search. MWere the question of din-
ner engagements changed to cover a period of two years rather than two
weeks, very different retrieval operations would be expected. In the
first place, the respondent probably would have neither the time nor
the.inclincation to recall the information for a two-year period. Sec-
ondly, as "common-sense" would dictate, it is unlikely that one would
be able to make a precise judgment covering such an extended period
of time. This suggests the use of memorial sampling strategies. Rather
than attempting a day-by-day recollection of dining activities, it is
possible to sample selected time periods and then derive a frequency
estimate based upon some intuitive interpolation process.

Memorial search by sampling clearly entails strategies that are
different from those suggested by the tuning-fork metaphor of Radcliff

(1978). The most basic distinction lies in the controlling mechanisms
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of the search. Radcliff's search proceeds by assessing the contents
of proximate storage locations. No assumptions are made about specific
starting locations and termination is determined by the localization of
target stimu]if By contrast, starting and stopping locations are de-
termined more or less probabilistically in memorial sampling processes.
Based on "hunches" the respondent scans or searches selected portions
of memory. Returning again to the question of dinner engagements, if
a person ordinarily dines out on Fridays, then a two-year scan of mem-
ory would be accomplished most rapidly by retrieving events pertaining
exclusively to Friday evenings. Because the probability of a dinner
out is higher for Fridays than other days of the week, this sampling
procedure seems to be efficient. The point is that sampling procedures
reduce cognitive processing of stored information and lead to sub-
stantially quicker responses. In some cases, these strategy-based res-
ponses may be more accurate as well. Performance tradeoffs between
exhaustive and sampling search will be discussed later in the context
of retrieval mediating factors.

Both the exhaustive and sampling search strategies are based upon

the notion that repetitive events are stored as distinct memorial traces.

As mentioned in the preceeding section on the memorial representation
of frequency, this may not be true for all sorts of repetitive data.
The third basic search process to be discussed is more consistent with
the numerical inference representation. This process, not actually

a "true" process, is one of direct readout of trace-strength, of num-

erical abstraction, or some related form. Here statistical information

[ ).
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concerning repetitive information is retrieved. When queried, a 25-
year old man will report immediately that he is 25 years old; he will
not search his memory for birthday celebrations, refer to a calendar,
subtract the year of his birth from the present year or anything of
the sort....he simply will retrieve the number 25. Given that the in-
tuitive data base is up-to-date and veridical, direct readout appears
to be the most rapid and least error prone mode of frequentistic re-
trieval. Obviously, this mode of retrieval is only feasible for in-
tuitive data bases that are accessed frequently and/or highly static

in nature. Ask an individual the number of years since he graduated
from high school and the response may begin with, "Let's see, I grad-
uated in...." This, of course, is not direct readout. Ask a Naval
“lifer" headed for retirement with 18 years of service how long he has
been in the Navy and he will respond immediately; this is direct read-
out. For the Naval officer, years of service is a highly relevant con-
sideration, and as such, it is likely to be maintained as a datum coded
for direct access. Conversely, the elapsed time since high school
graduation is seldom regarded as important, and therefore, direct ac-
cess to the information would be of little value.

The fact that people are remarkably good at estimating the fre-
quency with which events occur has been well documented (Hintzman,
1976; Howell, 1973b; Peterson & Beach, 1967). However, the quality
of FE performance has not been uniformly high. In fact, it has dif-
fered, often markedly, from study to study. It is argued in the

present paper that variability in FE performance is due in part to
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certain variables that mediate the retrieval of repetitive data.
Characteristics of the stimuli are the major determinants of the med-
jation variables.

Clearly the outcome of any retrieval operation is dependent upon
what information is stored; essentially, that which is not encoded can-
not be retrieved. The "depth" or "elaboration" of stimulus processing
at the time of encoding has been found to affect recall (e. g. Eysenck
& Eysenck, 1979) and the magnitude of subsequent FEs (e. g. Goldman &
Pellegrino, 1977; Rowe, 1974). Eysenck and Eysenck (1979) have equated

depth of processing with the extent to which semantic content and

"meaningfulness" are extracted from a stimulus, while elaboration of
processing has been defined as the breadth and extent to which stimuli
are processed, irrespective of the level or depth to which they are
processed. In a discussion of the relationship between FE performance
and depth of processing, Rowe (1974) concluded that repetitive events
must be encoded at a semantic level, otherwise there would be no basis
for the retrieval of frequentistic information. Rowe and Rose (1977)
reported that FEs for target items in word lists were higher when sub-
jects were required to rate the imagery of all list items as they were
presented. Although the findings of Goldman and Pellegrino (1977),
Rowe (1974), Rowe & Rose (1977) and several others point to a pronounced
effect of semantic processing on the development of easily-accessible
frequency records, they do not suggest that semantic processing is
indispensable.

Radtke, Jacoby and Goedel (1971) have demonstrated how the inclusion




of non-semantic features can affect the development of frequency re-
cords. Subjects in the Radtke et al. study made relative FEs after
viewing each of the eight experimental word lists. The study trials
were presented for a period of 1.0 to 2.0 seconds, depending on the
condition, and test trials were presented for 2.0 seconds. The more
frequent alternatives in the test trial comparisons were either under-
lined at the time of their first occurrence in a study trial, at every
occurrence within the study trials, or not at all. Underlining pro-
duced a substantial improvement in relative FE performance in the
underlining conditions. Radtke et al concluded that the underlining
of target repetitions enhanced retrieval through the provision of "re-
trieval cues." The effect of these cues was larger in the slow pre-
sentation (i. e. 1.0 sec.) conditior. This was hypothesized to be

the result of a combination of factors: an increased opportunity to

rehearse coupled with increased attentiveness to the underscored items.

While the investigators framed their findings primarily in terms of
verbal discrimination learning, it is important to recognize the
broader implications. Retrieval of frequentistic information is en-
hanced by verbal and non-verbal retrieval cues alike. Virtually any
sort of distinguishing characteristic of an event will serve to in-
crease the probability of its retrieval. The positive impact of ex-
traordinary characteristics on recall and recognition is often re-
ferred to as the Von Restorff Effect (Crowder, 1976).

Mediating variables operate at perhaps a more active level in

17

real-world or highly complex situations involving judgments of frequency,
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probability, choice, and so on. Tversky and Kahneman (1973) recognized
the human propensity to us¢ heuristics in making judgments based upon

i . - . .
complex and/or extensive data. Through a series of empirical investi-
gations, Tversky and Kahneman detected a strong reliance upon highly
"sensational” or "memorable" information in decision making. This sort
of information, for a variety of reasons alluded to earlier, is generally
more accessible or available during retrieval operations. Apparently,
the ease with which information can be retrieved or the "availability"
of information constitutes an important heuristic for judging the fre-
quency of event occurrence (Tversky & Kahneman, 1973). The utiliza-
tion of this heuristic can lead to some rather distorted impressions
of frequencies of real-world events.

In a recent series of studies, Lichtenstein, Slovic, Fishhoff,
Layman and Combs (1978) investigated frequency judgments for lethal
events. In Experiment 1, college students and members of a national
women's group were asked to judge which one of a test pair (106 pairs
in all) of lethal events was more frequent. In the pre-experimental
instructions, subjects were told to:

"Consider all the people now living in the United States --

children, adults, everyone. Now suppose we randomly picked

just one of these people. Will that person more likely die

next year from cause A or cause B? For example: Dying in

a bicycle accident versus dying from an overdose of heroin.

Death from each cause is remotely pussible. OQur question

is, which of those two is the more likely cause of death?"

(p. 554).

The subjects were also instructed to rate the relative likelihood of

the two causes in terms of relative likelihood ratios (e. g. A is 100,

1,000 or 1 million times as likely as cause B).
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Examination of relative FE and relative likelihood data revealed
some striking inaccuracies in judgments provided by both subject sam-
ples. For example, subjects judged asthma deaths to be only slightly
more frequent than deaths by botulism, when the true ratio was over
90G:1. In general, subjects were more accurate in making relative FEs
than they were in making likelihood judgments. Perhaps this was be-
cause the latter judgments called for a more precise assessment of fre-
qdency and, as Shanteau {1978) pointed out, the judgments were not
based upon an actual experience with the data. Rather, the judgments
were crude estimates made on the basis of indirect exposure from news-
papers, television, personal communication and other media. At any
rate, it is easy to see how indirect exposure to the repetitive data
would result in less precise FEs. Also, the quality of frequency judg-
ments was improved slightly when estimates were based upon relatively
high-frequency causes of death.

In a subsequent study within this series, Lichtenstein et al
(1978, Experiment 4) explored reasons for the gross misjudgments found
in their previous investigations. In this experiment, the investiga-
tors sought to relate judgmental inaccuracies to (a) personal ex-
periences with the various casues of death, either directly through
near death or death of acquaintances or indirectly through the public
media, (b) newspaper coverage -- statistical or day-to-day reporting
of deaths, and (c) catastrophic ratings of the various causes of
death -- the extent to which the events are massed or, in other words,

the extent to which multiple deaths are involved. Using multiple
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regression procedures, Lichtenstein et al.determined that measures tap-
ping availability (e. g. personal experiences, newspaper coverage, etc.)
did an excellent job of predicting frequency judgments. In addition,

a positive relationship was found between catastrophic ratings and
judgmental errors, indicating a biasing effect of massed events which
has been documented in the basic frequency literature (Hintzman, 1976).
In Experiment 5A, the investigators attempted to debias the sub-
jects by instructing them to be aware of "uneven newspaper coverage,
and the effects of imaginability and memorability" (p. 571). The
debiasing instructions also informed subjects of the sources of inac-
curacy detected in earlier studies; namely, an overreliance on direct
and indirect encounters with the various causes of death, availability
of memorability, publicity and so on. Not surprisingly, no effect of
the debiasing instructions was detected. In Experiment 5B, debiasing
instructions were augmented by the inclusion of specific illustra-
tions of various biases and their impact on subsequent judgments.
Again, no appreciable effect of debiasing instructions was found.
These failures were probably due to the fact that whatever informa-
ticn the subjects used in forming their judgments was encoded and
processed under the same sorts of biased conditions that were explored
in the study. To instruct the subjects not to "count" such tainted
information would severely restrict, if not eliminate all together,
a suitable data base on which to formulate a decision. Alternatively,
subjects may have lacked ability to recall the conditions under which
the frequentistic data base developed; thus they were unable to dif-

ferentiate biased and non-biased data.




The thrust of the Lichtenstein et al.series is on the influence

of biasing factors and judgmental heuristics in the retrieval of fre-
quentistic information. These studies provide numerous real-world
examples of how these biases and heuristics mediate retrieval although
the mediating variables explored by Lichtenstein and her colleagues

are not confined to realistic response domains. Other investigations
have also examined the use and measurement of these mediating variables
in the laboratory (e. g. Beyth-Maron & Fishhoff, 1977). For example,
Whitlow and Skaar (1979) explored the possibility that FEs are based on
two sources of information: (a) the numerosity of an event or the num-
ber of independent occurrences of an event within a discrete temporal
period (e. g. the number of fish caught on Saturday), and (b) episode
frequency or the episodes in which some event occurred at least once
(e. g. fish were caught on Saturday and Sunday}. The basic idea is
that overall frequency judgments should be based upon the combination
of numerosities and episode frequencies. This is an intuitively ap-
pealing idea; if 12 fish are caught on Saturday, 15 fish on Sunday,
then a total of 27 fish is caught over a week-end. Yet, Whitlow and
Skaar have provided evidence which suggests that this alogorithm is

not always applied in the derivation of FEs. Target events that typi-
cally occurred with high numerosity were judged to be more frequent
than events which had actually occurred with greater total frequency
but relatively low numerosities. The data reported by Whitlow and
Skaar argue for the presence of a functional distinction between these
"conceptually distinct" sources of repetitive information. Over reli-

ance upon numerosities or episode frequencies appears to constitute
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another biasing factor that mediates the retrieval of veridical frequen-
tistic information.

In the present section, several retrieval processes have been dis-
cussed. In addition, factors or variables that affect the efficacy
of the processes have been reviewed. The particular retrieval operation
or search strategy that is involved in a particular decision task is,
of course, determined on the basis of a number of task and data-orien-
ted variables. The frequency records of the years of one's life and
the number of one's engagements are probably stored in very different
manners. It follows that different retrieval strategies will be neces-
sary to access these distinct representations, and with each strategy
will come a peculiar set of variables that will mediate the success
of retrieval.

A recurrent theme in the present paper has been that the ease and
accuracy with which repetitive information is retrieved depends upon
a number of factors: (a) the particular characteristics of the repe-
titive data which are encoded, (b} the representational form of the
data in storage, and (c) the appropriateness of the retrieval opera-
tions invoked, considering factors (a) and {b). While it is clear that
the formation and use of frequency records depend upon the interplay
among encoding, storage and retrieval operations, it is the encoding
operations, in particular, that are the primary determinants of what
frequentistic information can bé stored and retrieved. Therefore,
it is fitting that a section of the present paper be devoted to the

discussion of frequentistic encoding operations.
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Frequentistic encoding processes

In the previous section, FE performance was discussed in terms
of retrieval and its mediating variables such as distinctiveness and
availability. The fact that a particular event is "memorable" points
to differential treatment at the time of encoding. Recall that accord-

ing to the levels of processing account of memory, the depth (generally

semantic vs. non-semantic) involved in encoding determines the like-
1ihood that the stimulus will be retrieved subsequently (Eysenck &
Eysench, 1979; Jacoby & Craik, 1979). Thus, the notions of memora-
bility (or retrievability) and levels of processing are tied closely
in the sense that the former is determined to a great extent by the
latter.

There exists the possibility that memorability is a quality that
applies to trace components rather than to the trace as a whole. As
originally formulated, the notion of levels of processing centers
around the idea that the trace comprises components that are selec-

-

tively encoded on the basis of their relevance to a particular con-

text (Craik & Lockhart, 1972). Essentially, the various components

or dimensions that constitute a stimulus can be processed at differing
levels; of course, the more relevant dimensions (in a particular con-
text) receive more elaborate processing (Tyler, Hertel, McCallum &
E1lis, 1979). This assumption forms a complex heuristic juncture
among the information processing phenomena of selective attention,
selective encoding, storage and retrieval. Moreover, it is argued
that the ability to process stimulus components at different levels

has broad implications for the encoding of frequentistic information.
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How might the selective encoding of stimulus components (e. g.
color, size, texture, semantic content) shape the development of fre-
quency records? Consider the following example: Driver A is stopped
in snarled traffic, staring blankly ahead at the flashing amber turn
signal on the vehicle directly ahead. The left signal is flashing,
and because left turns against a flood of oncoming traffic can delay
motorists, Driver A is especially perturbed. The flashing signal has
meaning; it warns of a turn, it means a substantial delay. Yet, it
is quite unlikely that Driver A would be able to estimate accurately
the number of flashes emitted by the signal during the time he spent
staring at it. Now place Driver A in a psychologist's laboratory,
seat him behind a cathode ray tube (rather than the wheel of a car),
ask him to prepare for a standard memory task (rather than a delay in
traffic), and then present a series of rectangular amber patches at
a rate of two patches per second. The prediction is one of markedly
improved performance when Driver A estimates the frequency with which

the amber patches appeared. This scenario, however absurd, illus-

trates how context could operate to shape the development of frequency

records through the selective encoding of stimulus components. When
in traffic, the hypothetical Driver A may not even perceive the flash-
ing signal as a repetitive event; it may be perceived as being "on"

or "off" and only indicative of a motorist's intentions. In the lab-
oratory setting, the instructions (or task orientation) and the gen-
eral context probably would dictate a very different perception of the
rectangular amber patches. Here the repetitive nature of the stimu-

lus may be salient and, from the perspective of Driver A, warrant the
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investment of attentive effort.

Of course, the impact of attentive effort on the development of
frequency records depends on the nature of the frequency encoding me-
chanism(s). There are two fundamentally distinct views of frequentis-
tic encoding. First, a number of investigators (e. g. Hasher & Zacks,
1979) have viewed the encoding of frequency information as automatic
as a direct by-product of the more generalized processes where sensory
inputs are coded and stored in the form of multi-component traces.

The second view is that frequency records are the products of special
active processing strategies that draw upon a limited pool of cogni-

tive resources (e. g. Margues & Howell, Note 1). Obviously, the
resolution of the question of automaticity in frequency encoding is es-
sential for furthering knowledge of frequentistic information processing.

Before reviewing the literature that bears directly on the issue
of automaticity in frequency encoding, it is necessary to distinguish
between automatic and non-automatic cognitive processes. There has
been some variability among investigators on what constitutes automa-
tic processes; however, a number of defining characteristics have ap-
peared consistently: (a) a minimal requirement of attentional capa-
city, (b) the processes do not interfere with other ongoing mental
operations and thus several automatic processes can operate in paral-
lel, (c¢) processes operate without intent or conscious awareness, and
(d) they appear in young children and show little improvement with
age. By contrast, non-automatic processes, also referred to as con-

scious (Posner & Snyder, 1975), controlled (Schneider & Shiffrin, 1977:
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Shiffrin & Schneider, 1977), or effortful processes (Hasher & Zacks,
1979) have been characterized by (a) an often extensive utilization
of attentional capacity, and (b) a fairly pronouncé& development im-
provement (Hasher & Zacks, 1979; Posner, 1978; Posner & Snyder, 1975;
Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977).

Several studies have been conducted to determine whether the cogni-
tive mechanisms associated with frequentistic information are auto-
matic or effortful in nature. Howell (1973b) presented subjects with
10, 25, 50 or 80 item lists in which common nouns were presented 0, 1,
2, 4, 6 and 10 times. Half of the subjects was instructed to prepare
for a free-recall memory task, and the other half was led to expect
a FE task. After viewing the word lists, subjects were given tasks
which were either consistent or inconsistent with what they had been
led to expect on the basis of pre-experimental instructions. Thus,
subjects were classified into four groups defined by the content of
the pre-experimental instructions (i. e. cueing for free-recall vs.
FE). Basically, Howell found that consonance between cueing and task
conditions led to superior performance only when the experimental task
did not lead to significant differences in subsequent FE task perform-
ance. The differential impact of task cueing on free-recall perform-
ance held across the four memory-load conditions (10, 25, 50 and 80
item lists). The failure to find significant differences between the
cueing/task conditions of free-recall/FE and FE/FE was taken as an in-
dication that frequentistic information was encoded and maintained
automatically. A number of subsequent investigations have been sup-

portive of Howell's interpretation.
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Flexser and Bower (1975) also examined the effects of task cueing
on frequency encoding. Subjects in each of two task instruction con-
ditions were told they would be presented with a series of CVC strings,
some of which would be repeated. In the non-explicit task information
condition, subjects were also told to attend carefully to each item
so that they would be prepared for a memory task which was to folliow.
In the explicit task information condition, subjects were informed
that the memory task would be one of frequency judgment. Flexser and
Bower did not obtain significant differences in FE performance between
the two instructional conditions. FE performance was measured in terms
of absolute frequency judgments and in terms of the correlation between

true and estimated frequencies -- a measure known as the discrimination

coefficient. It is interesting to note that four of the 10 original
participants in the non-explicit condition were replaced because they
anticipated the FE task. This casts some doubt upon the credibility
of the instructional manipulation employed in this study. The pro-
blem of task credibility will be addressed more fully at a later point
in thg present section.

In continuing this same line of research, Hasher and Chromiak
(1977) explored the interaction of pre-experimental instruction and
subject maturity on the formation of frequency records. These inves-
tigations sought to determine the extent to which frequency encoding
was subject to controlled processing. The documentation of a develop-
mental trend and a positive effect of task cueing would point to the

existence of conscious, effortful or controlled processing in the
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formation of frequency records. The lack of significant relationships
could be construed as supportive evidence for the notion of automa-
ticity in frequency. In the Hasher and Chromiak investigation, stu-
dents in grades 2, 4, 5 and college viewed a 70-item list which consis-
ted of simple nouns presented with frequencies of 0, 1, 2, 3 and 4.

No significant differences in FE performance were found among the vari-
ous levels of subject maturity. Despite the fact that developmental
trends in the utilization of controlled processing have been documented
in other contexts, such as in attention deployment skills (Lane, 1979),
one could conclude on the basis of the Hasher and Chromiak findings
that processes involved in frequency encoding do not change with age,
and, therefore, may be automatic in nature. Using essentially the
same stimuli and experimental paradigm, Hasher and Zacks (1979) have
replicated the preceeding findings using 40 young people (ages 18 to
24) and 40 elderly people (ages 56 to 80) as the basis for the devel-
opmental comparison. The findings from the two Hasher investigations
were not in total agreement however. Hasher and Chromiak reported a
low magnitude (but statistically reliable) effect of task cueing.
However, Hasher and Zacks did not find reliable differences between
the two pre-instruction conditions. Clearly, the Hasher and Zacks
finding is more in line with previous investigations of automaticity
in frequency encoding (e. g. Flexser & Bower, 1975).

Howell {1973a) has pointed to the need to explore frequentistic
information processing in a greater variety of task and response do-
mains. [Indeed, all of the published research on automaticity in fre-

quency encoding and most research covering other topics in frequency
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encoding have employed highly artificial experimental stimuli. CVC
strings, three to eight-letter nouns, random digits and assorted symbols
are totally lacking in the "richness" or multidimensionality that char-
acterizes repetitive events in the real world. Given the simplicity
of the conventional stimuli and the various demand characteristizi in-
duced by laboratory investigations, it is quite Tikely that the instruc-
tional manipulations used in these studies were quite transparent from
the perspective of the subject. Whether or not the subject is instruc-
ted to code frequency information, the first repetition of a simple
stimulus (e. g. CVC string) is likely to stimulate the formation of
some sort of proposition regarding the investigation's "true" nature
or purpose. Anderson and Bower (1974) have suggested the existence

of a propositional encoding mechanism which serves to channel atten-

tion toward relevant stimulus dimensions. Recall the hypothetical
situation where Oriver A views a flashing amber light in the context
of snarled traffic, and a series of rectangular amber patches in the
context of a psychologist's laboratory. It is easy to see how very
different propositions about stimulus meaning can be derived from
stimuli which are, objectively, quite similar in nature. Hintzman
and Stern (1978) have shown, however, that the encoding of frequency

information may be independent of context in some cases. The point is

that it is extremely difficult to disguise the repetitive character-
istics of the simplistic and highly artificial stimuli used in con-
ventional explorations of frequency processes. In short, the disen-

tanglement of automatic and controlled processes requires the
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development of an experimental environment where incidental and inten-
tional learning conditions exist. While many of the studies reviewed
thus far were conducted to provide incidental accounts of FE, it is
doubtful that they have succeeded.

Marques and Howell (Note 1) have used a more realistic task
scenario in their investigations of frequentistic information proces-
sing. In Experiment 4, subjects served as undergraduate admissions
committee members in deciding upon a large number of hypothetical ap-
plicants who differed in terms of race, sex and performance on three
standardized tests. Subjects were told that, in actual admissions de-
cisions, applicant race and sex were attributes that received consider-
able attention, primarily for purposes of quotas, affirmative action
programs, and so forth. Subjects were instructed to "pay particular
attention" to the race and sex of candidates they chose to reject so
they would be prepared to defend their decisions if called upon to do
so. These instructions were reinforced by a subsequent statement
which informed the subjects that performance as admissions committee

members would be assessed solely on the basis of rating consistency

and the ability to recall the race and sex of rejected applicants.
After these instructions were imparted, subjects sorted the 80 appli-
cants into piles labeled "accept" and "reject". Following the com-
pletion of the rating task, the subjects were given a FE task that en-
tailed the retrieval of information on two cued variables (i. e. race
and sex of rejected applicants) and two non-cued variables (i. e. race

and sex of accepted applicants). Thus the experimental design consisted
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of a within subject comparison of two cueing conditions and two cued
variables (race & sex). The levels of FE performance did not change
as a function of the race and sex variables. There was, however, a
large and statistically reliable difference between cued (mean error
= 39.87%) and non-cued (mean error = 73.73%) FEs.

There are factors that should be considered in interpreting the
findings of Marques and Howell. First, the experimental stimuli were
not artificial. The cover story for the study alluded to an interest
in undergraduate perceptions of and attitudes toward the undergraduate
admissions process, and the experimental materials they received (i. e.
the hypothetical profiles) adequately reflected the stated objectives
of the study. Second, although the stimuli were repetitive in nature,
repetition of events had no specific meaning to the subjects. To
view an application which is the same or very similar to an earlier
application is not the same as viewing a nonsense syllable for the sec-
ond time. In other words, repetition or similarity among applications
is a "natural" aspect of rating, ranking or sorting procedures and, as
such, does not alert the subject to process frequentistic information
more extensively than is dictated by the cover story and pre-experi-
mental instructions. Marques and Howell have demonstrated that the
intentional encoding of frequency information leads to the development
of more accurate frequency records than can be achieved through some
incidental encoding process. Clearly, this suggests that controlled,
conscious or effortful processing is associated with the development

of veridical frequency records. Furthermore, the finding that "true"
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incidentally derived frequency records are poor in quality compliments
the findings of others (e. g. Lichtenstein et al, 1978) who have ob-
tained similar results when using complex, real-world stimuli.

It should be noted that poor performance on FE tasks has also
been shown to result from faulty encoding of complex but highly arti-
ficial stimuli. For example, Yntema (1963) found that people were un-
able to track the frequency of events consisting of two or more ab-
stract objects or symbols. Put simply, Yntema concluded that people
have a low tolerance for random information, but that the ability to
code and retrieve information about multidimensional arrays improves
when the various dimensions (or components) are highly integrated.

Even on the basis of the limited number of studies reviewed in
this section, it is clear that the encoding of frequentistic informa-
tion is a far from straightforward operation. In the conventional task
and response domains, the frequency mechanisms appear to be automatic
in nature. Yet, the dismally simplistic and non-representative nature
of the stimuli used in these studies makes generalizations of these
findings to what people "really do" very unwise. With the introduc-
tion of more complex and realistic experimental environments has come
a whole new array of concerns regarding the roles of automatic pro-
cesses, controlled processes and the inevitable "intermediary" pro-

cesses in the encoding of frequentistic information.

New directions for frequency investigations

The ability to respond to the frequency with which events occur

is the result of a complex interaction between encoding and retrieval
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operations. There are processing options associated with each opera-
tion. The encoding of frequency information can be achieved by “"count-
ing" or "tagging" Tike occurrences or it can be achieved through a
variety of elaboration and mnemonic techniques by which relevant event
components or attributes are held in storage in a form conducive to
frequentistic retrieval. Frequency information can be retrieved by
accessing a "counter mechanism" or direct readout, by engaging in an
exhaustive or self-determining search of storage, or by the systematic
or random sampling of storage. Qbviously, the efficacy of the options
depends upon the specific representational form of the frequentistic
data. To date, there has been very little evidence to suggest that
frequency is represented uniquely in memory, either in the form of a
distinct trace attribute or otherwise. Sensitivity to frequency ap-
pears to be the result of special controlled processes that, given the
appropriate task/response demands, operate to isolate individual items
or events which appear in the context of a list or stream of data.

Further investigations of frequency in realistic settings will
probably lead to expansions in the perceived role of effortful pro-
cesses. With this expansion will come an enhanced appreciation for
the impact of attention control mechanisms on frequentistic informa-

tion processing. Attention control refers to the ability to distribute

cognitive resources in the performance of non-automatic mental acti-
vities. Attention control or attention allocation has been reviewed
several times in recent years (e. g. Lane, in press; Navon & Gopher,
1979; Norman & Bobrow, 1975), so an extensive review is hardly neces-

sary here. The basic idea behind attention control is that humans
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possess a limited amount of resources (Norman & Bobrow, 1975) or capa-
city (Kahneman, 1973) for conducting mental operations. According to

Johnson and Heinz (1978) processing capacity can be defined as "the

limited pool of energy, resources or fuel by which some cognitive op-
erations are mobilized and maintained." (p. 422) It is important to
recognize that some but not all cognitive operations draw from a Timited
pool of resources. Recall that one of the principal differences between
automatic and controlled processes is that only the latter required
limited cognitive resources. Memorial operations that require effort-
ful or controlled processing include the use of imagery, rehearsal,
organization and mnemonic strategies (Griffith, 1976; Hasher & Zacks,
1979). Add to the list frequency as it can involve any of these opera-
tions.

As suggested earlier, the primary advantage of automatic proces-
sing is that it is not "expensive" in terms of cognitive resources.
It interferes only minimaliy with other ongoing controlled processes
{which do require capacity). Yet, except for a few circumstances, the
automatic coding of frequency is not advantageous. Is, for example,
the frequency with which a trace consisting of attributes A, B, C, D
and E maintained independently from the frequency of a trace consis-
ting of A, B, C, D and F? Clearly this is not feasible; considering
the complexity of stimuli encountered in the real world, an enormous
number of independent counters would have to be maintained. There
must be some mechanism by which to address traces without having to

actually store the frequencies with which particular bundies or
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configurations of attributes appeared. Recall that there is evidence
to suggest that people are capable of encoding stimulus attributes
<t differing levels and degrees of elaborateness (Jacoby & Craik,
1979). Decisions as to which attributes receive elaborated processing
and how they are represented in storage appear to be under attentional
control (Treisman, Sykes & Gelade, 1977).

Navon and Gopher (1979) have argued that utility is a powerful
determinant in cognitive resource allocation or attentional control.
Given a set of expectations about performance criteria, the nature of
the task and stimuli, people will allocate their limited resources in
such a way as to maximize performance (or utility rewards). This no-
tion of utility applies equally well in the encoding and retrieval of
frequentistic information. If the repetitive characteristics of an
event stream have no importantce for an individual, he/she probably
will not invest resources in tracking frequency. This is especially
true when the resources could be expended more profitably by attending
to relevant aspects of the event stream.

The possibility that utility-based controlled processes function
in the coordination of frequentistic encoding, storage and retrieval
operations warrants further consideration. First, however, the pre-
sence of controlled processes in frequency must be documented by em-
pirical studies which offer unequivocal tests of the effects of in-
cidental and intentional strategies on subsequent FE performance.

The series of experiments to be described was conducted to elu-

cidate the role(s) of controlled processes in frequentistic operations.
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In contrast to many earlier investigations of these processes (e. g.
Hasher & Chromiak, 1977), the present series of experiments employed
muitidimensional stimuli that had some measure of real-world signifi-
cance to the participants. Relatively complex and realistic stimuli,
however hard to manage, will ultimately prove more useful in the de-
Tineation of the cognitive processes involved in real-world frequen-

tistic information processing.




EXPERIMENT 1: CLASSIFICATION OF INDIVIDUAL SENSITIVITIES TO PAYOFFS

It now seems clear that in complex and realistic experimental en-
vironments, subjects do not simply “tag" or "count" the frequencies
of like occurrences (Lichtenstein et al, 1978; Marques & Howell, Note
1). Special active processing is required to transform repetitive in-
formation into a form that is ammenable to frequentistic recovery (or
retrieval). The question of interest here concerns the nature of
these transformational processes. The hypothesis is, of course, that
frequency encoding represents a conscious, controlled or effortful
process.

One way to demonstrate that an operation is conscious is to show
that an individual's performance level on that operation declines when
he/she is saddled with additional capacity-demanding mental operations
(Posner & Snyder, 1975). Reading and counting are two tasks which can
be done by most individuals with relative ease. However, reading si-

lently and counting aloud simultaneously can be extraordinarily diffi-

cult. The reason is that both operations compete for cognitive re-
sources from the same limited pool. Inferences about the attentional
demands of frequentistic information processing can also be drawn from
this dual- or concurrent-task paradigm. Although such inferences must
be drawn with extreme caution.

Assessment of the unique attentional demands posed by a fre-
quency task can be difficult. First, as Kahneman (1973) has pointed
out, the supplies of cognitive resources vary between and within in-

dividuals. While it is not surprising that some individuals would have
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greater cognitive resources than others, the notion that cognitive re-
sources are allocated dynamically within an individual is a bit puz-
zling. According to Kahneman, there exists an "elastic capacity" for
the containment of cognitive resources. Thus the supply may expand
or contract depending on several task and subject variables. Second,
it is well known that people are able to allocate, distribute or de-
ploy cognitive resources in such a way as to perform satisfactorily
in a number of dual-task situations (Lane, 1979, in press; Norman &
Bobrow, 1975; Navon & Gopher, 1979). The problem is that individuals
may differ markedly in the "ability" to timeshare or allocate cognitive
resources. Before the attentional demands of frequency can be assessed,
it is therefore necessary to control these obscuring factors.

The purpose of this first experiment was thus to classify indi-
viduals according to the ability to timeshare in a dual-task setting.
In this experiment, timesharing ability was defined operationally in
terms of subject responsiveness to a payoff scheme which was designed
to induce tradeoffs in the distribution of attentive effort between
two concurrent tasks. Clearly, the advantage to knowing the time-
sharing skills of prospective subjects lies in the ability to procure
a sample of subjects in which the range of these skills is low, there-
by eliminating individual differences in timesharing as an obscuring

factor.

Method
Subjects. Thirty-two undergraduates (15 male and 17 female) from

an introductory psychology course volunteered to participate in the

R — .,
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present study in exchange for extra credit.

Task. Subjects viewed profiles of hypothetical applicants for
undergraduate admission who differed in terms of sex and performance
on three standardized tests. Two tasks were devised that required the
use of the profile information. Task A involved tracking the frequency
of male applicants over sequences of 15 applications, while Task B in-
volved the summation of the standardized test scores in each applicant
profile. Effort on the concurrent tasks was controlled by a different
payoff scheme in which the prescribed importance of "excellent perform-
ance” on Task A vs. Task B was 10/0, 7/3, 5/5, 3/7 and 0/10. Thus,
for example, under the 5/5 payoff condition, performance on the two
tasks was valued equally, whereas, in the 10/0 and 0/10 conditions,
performance on only one task was consequential. The object of the
task, as explained to the subjects, was to regulate effort in each of
the tasks to the extent that was warranted on the basis of the as-
signed utilities. Subjects were informed that their overall perform-
ance would be measured in terms of their sensitivity to the utilities;
that is, how well they were able to match Task A and Task B perform-
ance levels with the assigned utilities.

Stimuli. As demonstrated in Figure 1, the hypothetical appiicant
profiles were designed to facilitate the rapid encoding of applicants’
sex (coded M or F), and the three quantified test scores. The range
of scores and the degree of intercorrelation among scores were based
upon the distrubutional characteristics of the actual Rice University

applicant population. The frequency of male applicants within the




SEX M
NMQT 109
SAT-V 610
SAT-Q 600

Figure 1. [Illustration of an hypothe-
tical applicant profile used in the per-
formance of two tasks, tracking the fre-

quency of male (M) applicants, and sum-
ming the three standardized test scores.
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15-profile sequences was varied randomly over a range of 7 to 14. The
midpoint of this range, 10.5, carresponded to the proportion of males
in the actual Rice applicant population (i. e. 70%). The applicant
profiles were typed on clear plastic film and affixed to 1,4 mm glass-
less slidemounts. The profiles were presented using a Kodak Carousel
projector, equipped with a Lafayette 43016 (US-IE) tachistoscopic
shutter.

Procedure. Subjects were given instructions that elaborated the
basic mechanics of dual-task investigations. Also, for illustrative
purposes, they were asked to imagine themselves as pre-med students
with two imminent final exams, one on biochemistry and the other on
Spanish. They were then read the rhetorical question: "Given that
you had prepared for neither test, and they were both the next day,
how would you divide your mental effort in studying for both exams?
Well, obviously, you would allocate the most effort, or try the hard-
est, to excell at the more important test. Because you are a pre-med
major and your chances of acceptance in medical school are 'on the
line,' you would choose to invest the most effort in studying biocchem-
istry." An analogy was then drawn between timesharing efforts in
studying for exams and distributing effort between Task A and Task B.

Each subject received an individualized response booklet. Every
booklet consisted of 11 pages, one page for biographical data, and 10
pages for responses to the profile sequences. On each of these pages
was a column of 15 blanks for recording responses to Task B (summa-

tion of the 3 test scores). At the bottom was an additional blank
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for the Task A (FE) response. The source of individualization in the
booklets came from the assignment of task utilities which were coded
in the upper-right-hand corner of the page. Performance payoffs were
assigned randomly and independently for each subject so that each viewed
identical applicant profiles yet processed the information under var-
ious payoff conditions. A1l payoff conditions (i. e. 10/0, 7/3, 5/5,
3/7 and 0/10) were represented in both the first and last five sequences
in order to permit the calculation of two separate measures of sensi-
tivity-to-payoffs (for reliability estimation purposes).

After the subjects, who met in groups of 5 to 15, were familiar-
ized with the dual-task paradigm and all questions were entertained,
the presentation of the stimulus materials began. The applicant pro-
files were presented via slide projector using timed exposures of 2.0
sec. per profile followed by a 6.0 sec. interval for a written Task B
response. Task A responses were made during a 10.0 sec. interval which
was inserted between successive 15-profile sequences. A short rest
break of approximately 2 minutes was taken after the completion of se-
quence No. 5. Just prior to the initiation of each profile sequence,
the subjects werc encouraged to focus on and follow the payoff scheme

printed at the top of their response forms.

Results and Discussion

Of the 32 subjects who participated in Experiment 1, 11 either
failed to follow instructions, could not keep pace with the 2.0 ex-

posures, or adopted strategies in which the quality of their responses

- -
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was not commensurate with the expenditure of effort. The most common
inappropriate strategy involved the summation of test scores (Task B)
from the rightmost to leftmost digits. For example, in summing the
scores 700, 650, 218 a subject (adding right to left) may only process
two digits and make a response of 68. This is much farther from the
correct answer of 1568 than a response based on only the addition of
the leftmost digits, 1500, which probably required less effort and
yet constituted a more rational approach to the estimation of large
numbers. Data from the 11 exceptional cases were not analyzed, there-
by leaving a usable sample of 21 individuals.

An initial step in the analysis was to convert the Task A and
Task B response data from each sequence into estimation accuracy

scores (EA) of the form:

EA = 100 -[((TV - €) - 100) /7] (1)
where TV = true value of the quantity being estimated (FE
in Task A or summated score in Task B)
and E = estimate of TV provided by subject.

The quantity expressed in equation 1, whether applied to Task A
or Task B performance, has the upper limit of 100 (which refers to per-
fect performance). For each of the 10 sequences, the 15 EA values re-
presenting the accuracy of Task B responses were converted to a single
mean EA. Thus, 20 EA scores were used to code each subject's overall
performance; that is, one EA-Task A and one EA-Task B score for each

of the 10 sequences.
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A measure of sensitivity-to-payoffs (STP) was then derived for

each subject. This correlational measure consisted of:

STP = Tprg-poR (2)
where PFR = performance ratio, or the ratio of Task
A and Task B EA values for a particular
profile sequence.
and POR = payoff ratio, or the ratio of utilities

associated with Task A and Task B per-
formance for a particular profile se-
quence.

This measure was computed separately for the first and last five
sequence blocks. It is important to note that the STP values were not
based on all five payoff conditions represented in each of the blocks.
Only the performance data from the 7/3, 5/5 and 3/7 payoff conditions
were used. The 10/0 and 0/10 conditions were not included in the mea-
sure because they did not require the allocation of attentive effort.
In fact, these conditions were included as part of the payoff system
primarily to provide subjects with anchors by which to gauge inter-
mediate effort levels dictated by payoffs that did involved allocation.

The mean (and standard deviation) STP values obtained from the
first and last five profile sequences were .549 (.569) and .529 (.454)
respectively. The STP scores ranged from a low of .015 to a high of
.999. In general, there was close agreement between the two STP mea-
sures obtained from each subject as indexed by the Pearson's r coef-

ficient of .536 (p<.01) or .733 as indexed by the Spearman-Brown
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Prophecy Formula (Weiner, 1971).

The fact that the STP measure proved reliable further justified
its use as a measure for selecting subjects for subsequent experiments.
[t will be recalled that the main purpose of this study was to identify
subjects demonstrably comparable in their sensitivity to timesharing
manipulations.

Four subjects, two males and two females, were selected from among
the entire sample of 21 prospective subjects for use in subsequent in-
vestigations. Both the magnitude and consistency of STP scores were
used as criteria in the selection of the four subjects. The selected
subjects' STP scores from each sequence block are reported in Table 1.
From Table 1, it is evident that the sample of subjects selected for
use in Experiment Z and Experiment 3 were well matched in the ability

to regulate task performance in accordance with instructional demands.

A
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TABLE 1

Selected subjects' STP scores obtained
from the first and last five-block se-
quences together with measure means and
standard deviations

STP Score
Subject Block #1 Block #2

1 (F) .976 .999
2 (M) .946 .887
3 (M) 913 .916
4 (F) .906 .934
Mean .935 .934
SD .032 .048

Note: F = female; M = male
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EXPERIMENT 2: EVIDENCE REGARDING THE SUFFICIENCY OF ATTENTION IN
FREQUENCY ENCODING

This experiment was undertaken as an initial step toward the elu-
cidation of the role(s) of attention-control processes in the formation
and use of frequency records. It has been demonstrated by Hasher and
Chromiak (1977), using verbal stimuli, and by Marques and Howell (Note
1), using realistic multidimensional stimuli, that pre-experimental
instructions (or task-cueing) affect the development of frequency re-
cords. Presumably these effects reflect the direction of attention
to the repetitive characteristics of the stimuli being processed.

Thus, it appears that attention is a necessary condition for the de-
velopment of veridical frequency records.

The central question addressed in Experiment 2 concerned the suf-
ficiency of attention. The view that sensitivity to frequency is the
result of non-strategic processing (e. g. Flexser & Bower, 1975, Hasher
& Zacks, 1979) would gain considerable credibility if it were found
that the mere investment of attention in repetitive data is both a nec-
essary and a sufficient condition for the encoding of frequency. If,
on the other hand, attention were necessary but not sufficient, one
would have to assume that a particular kind of effortful processing is
required; that attention must be invested in specific encoding activi-
ties or strategies (special effortfyl processing).

A complex rating task was used to test the hypothesis that special
effortful processing of repetitive information is required to form rea-

sonably accurate frequency recrds. The task involved the rating of a
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large number of hypothetical candidates who differed in several evalua-
tive dimensions. The subjects were frce to aggregate the information
in any consistent manner that seemed appropriate. The consistentaggre-
gation of the evaluative cues was presumed to involve the investment
of effortful processing. The question was whether the encoding of fre-
quency information would be an incidental by-product of the effortful
processing associated with the rating task. Clearly, a negative out-

come would suggest that special effortful processing is required.

Method

Subjects. Four subjects (2 male and 2 female), recruited ini-
tially for participation in Experiment 1, were invited back to parti-
cipate in this experiment. The subjects were paid 55.00 per hour for
the pre-experimental and experimental sessions which lasted 1 hour and
3 hours respectively.

Task. The subjects rated large groups of hypothetical applicant
profiles in terns of suitability for five different positions: oil-
field worker, graduate student, secretary, professional boxer and
fashion model. A1l profiles consisted of seven evaluative dimen-
sions (cues) which, of course, differed according to the particular
position for which the selections were made. The evaluative dimen-
sions for each of the positions are shown in Table 2. As shown in
Table 2, three dimensions (general intelligence, physical strength
and physical attractiveness) appeared in all five of the profile types.

These dimensions differ markedly in relevance to the various positions
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and were included to ensure that subjects would "pay attention" to
some dimensions while "ignoring" others in each profile type.

The subjects were told that the primary intent of this investi-
gation was to find out how individuals formulate "consistent and con-
scientious" applicant rating policies. They were instructed to be
concerned with the development and consistant application of a policy
best suited for the particular position under consideration. Subjects
were also informed that they would be required to estimate the absol-
ute frequency with which the hypothetical applicants were "low" on
the various dimensions (e. g. how many graduate student applicants
were low in general intelligence?) after the evaluation of each pro-
file set. Pre-experimental instructions accentuated the facts that
the FE estimation task was considered to be of secondary importance
and that subjects should not be distracted from the primary task of
profile evaluation.

Stimuli. The hypothetical applicant profiles were printed on
unlined, continuous forms with two profiles per page. Subjects re-
viewed 78 applicant profiles for each of the five positions. Like
the stimuli used in Experiment 1, the applicant data were arranged
to facilitate rapid encoding. The actual appearance of the profiles
is shown in Figure 2. As shown, the value of each profile dimension
was dichotomized (i. e. Hi vs. Lo). The actual values assigned to
the dimensions were determined by a Fortran routine. Essentially,
the routine generated a 7 (nuwber of cues) X 78 (number of profiles)
matrix of deviates in the range of O to 1 for each applicant set. The

deviates were generated such that their converstion to integer values
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TABLE 2 50

Evaluative Dimensions (Cues) Associated With the
Five Positions for Which the Hypothetical
Applicants Were Evaluated

QILFIELD WORKER
Experience with high pressure pumps and valves

Experience with heavy oilfield machinery
Mechanical/spatial aptitude

Physical attractiveness

General intelligence

Hand-eye-foot coordination

~N oy AW N =

Physical strength and endurance

GRADUATE STUDENT
Physical strength and endurance

General intelligence
Physical attractiveness
Letters of recommendation
Motivation level

College GPA

Emotional maturity

Ny O BWoNY

SECRETARY

Physical attractiveness

Ability to take and transcribe dictation
Writing skills

Proficiency with office machines
Bookkeeping skills

Physical strenagth

~N O OV AW NN -

General intelligence

Jaae  _mNEM e o M= oSt
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TABLE 2 (cont'd)
Evaluative Dimensions (Cues) Associated With the
Five Positions for Which the Hypothetical
Applicants Were Evaluated

PROFESSIONAL BOXER
Quickness of feet

Physical strength
Quickness of hands
General intelligence
Tolerance for pain
Physical attractiveness

~N OO AW NN -
P

Number of career injuries

FASHION MODEL
Photogenic appeal
Physical attractiveness
General intelligence

Social skills/gregariousness

1.
2
3
4. Physical strength
5
6. Acting experience
7

Youthfulness of appearance




FASHION MODEL
~Hi
PROFESSIONAL BOXER
Lo i
SECRETARY !
o [Hi [lo
GRADUATE STUDENT
i rLo
Hi Lo
OILFIELD WORKER Lo Lo ~Hi
Experience with high pressure ceeem-eea-.- Hi Lo JHi [ Lo
pumps & valves L i Lo
Experience with heavy oilfield -===vee---- Lo Lo
. -Hi Lo
machinery -Hi
Mechanical / spatial aptitude ---------- Lo L i Pi'
-0
Physical attractiveness -----—w-ao.— Hi Lo
General intelligence —=---vcccacaca-a- Lo Lo
Hand-eye-foot coordination ---=c----- Hi
Physical strength & endurance ~~=------ Hi
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Figure 2. Illustration of the materials used by subjects to rate
the suitability of hypothetical applicants for five different posi-
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tions. Subjects rated 78 profiles of each type shown.
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produced 0's (l.o) and 1's (Hi) in proportions prescribed by the random-
ly generated target proportion matrix reported in Table 3. The values
on all profile dimensions were determined independently for each sub-
ject. Thus, due to sampling error, the proportion (or frequency) of
“Lo" values on each evaluative cue differed slightly from subject
to subject.

Procedure. In a one-hour pre-experimental session, the experi-
menter met with the subjects in a single group to discuss the nature
of the experiment and to review the basis for their selection. Also
discussed was the necessity to maintain a conscientious and profes-
sional attitude about their upcoming participation. Because the in-
vestigation involved so few subjects, the personal involvement of each
was deemed essential. An excellent rapport was established between
subjects and experimenter and there was a general belief among subjects
that their participation was, in fact, a meaningful contribution to
the further understanding of human judgment processes. The precise
nature of the task (i. e. a test of the sufficiency of attention in
frequency encoding) was not revealed for fear that the highly dedicated
subjects would feel, in some way, obligated to prove whatever they per-
ceived the experimenter's hypothesis to be.

The subjects met individually with the experimenter for the single
three hour experimental session. Each participant was seated in a
cubicle equipped with a desk, a chair and an intercom system (for com-
munication with the experimenter). The experimenter, who was seated

in an adjacent room, could also monitor the subject visually by means
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of a window constructed of one-way mirror. The subject was provided

with five booklets, each of which contained a cover page and 78 hypo-

thetical applicant profiles. The cover page indicated the position
for which the applicant profiles were to be judged and also provided

a list of the seven evaluative cues which were to form the basis for
the judgments (See Table 2). The ordering of the booklets was deter-
mined randomly for each subject. The subjects were instructed to
study carefully the cover page of the appropriate booklet so as to
determine the relevance of each cue to the position under considera-
tion. They were given as much time as necessary to contemplate the
cues and formulate a judgment policy. After the study phase, the
subjects worked through the applicant profiles, studying the (relevant)
information provided in each case, and then marking an overall rating
on a 10-point scale of "suitability." The pace at which they perform-
ed the rating task was controlled by an auditory signal (tone) that
marked 12 sec. intervals. The external pacing was introduced to con-
trol the otherwise highly variable processing time among subjects, and
{because of the brevity of the interval) to eliminate the possibility
that subjects would develop mnemonic strategies for coding frequency
numerically in their "spare time."

After completing each of the five profile booklets, the subject
was asked to estimate the absolute frequency with which "Lo" ratings
occurred on the various evaluative cues that made up the applicant
profiles. The FEs were reported orally to the experimenter. The la-

tencies associated with these estimates were recorded by the experimenter
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using a hand-held digital timer with centisecond accuracy. Because

the experimenter was seated behind a one-way mirror, the subject was
unaware that latencies were being recorded. The subjects were en-
couraged to take a rest break after the completion of each profile set.
On the average, however, subjects took only two breaks (consisting of

approximately 10 minutes each).

Results and Discussion

Before valid comparisons could be made between the distribution
of attention and FE performance, it was necessary to evaluate subject
performance on the hypothetical applicant rating task. To assess rat-
ing task performance, separate multiple regression analyses were per-
formed on the five profile sets for each subject. In each case, the
judgments of applicant suitability were regressed on the corresponding
evaluative cue values. This procedure resulted in five multipie re-
gression equations per subject, one for each profile type. The R2 as-
sociated with the solutions are reported in Table 4. The tabled values
clearly indicate that the subjects were indeed highly consistent in
the application of their profile rating policies. An overall mean Rz\
of .953 was obtained. This, of course, means that over 95 percent of
the total variance in suitability judgments was explained or accounted
for, by the evaluative cues. Thus, the four subjects performed ex-
cellently on the rating task.

Multiple regression analysis has often been used to model the

processes by which evaluative data are aggregated. The beta weights
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TABLE 4

Rating Task Performance Measured in Terms
of RZ for Each Profile Type

Profile Type Subj. 1/ Subj. 2/ Subj. 3/ Subj. 4/
0ilfield Worker .979 .983 .982 .907
Graduate Student .968 .993 .991 .828
Secretary .979 .920 .985 .958
Professional Boxer .944 .999 .930 .805
Fashion Model .968 .992 .998 .932
Mean .968 .978 .978 .886

derived from the regression of judgments (or overall ratings) on cue
values (or independent variables of some sort) have been interpreted
as measures of cue importance in the judgments. For example, in the
present study, subjects judged the suitability of hypothetical appli-
cants for graduate school on the basis of (Hi/Lo) ratings on physical
strength, general intelligence, physical attractiveness, letters of
recommendation, motivation level, college GPA, and emotional maturity.
Regression of the 78 suitability judgments on the 78 corresponding con-
figurations of Hi's and Lo's on the evaluative cues would result in

a solution consisting of seven beta weights, one weight for each cue.




The magnitude of the beta weight associated with each cue is a direct
index of cue importance to the rater or judge (Lane, Murphy & Marques,
Note 3). 1In the present example, a relatively high magnitude beta
weight would be expected for the cue "general intelligence" while a
weight of considerably lower magnitude would be expected for "physical
strength" or "physical attractiveness." Other judgments which have
been modelled in similar ways include the rating of livestock (Phelps)
& Shanteau, 1978), teaching effectiveness (Marques, Lane & Dorfman,
1979) and the predictions of security analysts (Ebert & Kruse, 1978).

While beta weights have been used in a variety of ways, they have
not been interpreted previously as an objective index of attention
ailocation among the cues comprising a multidimensional stimulus (or
applicant profile in this case). The connection between a measure-
ment of the importarce a subject attaches to a cue and the attentive-
ness he/she accords it is, of course, purely logical. It seems rea-
sonable to assume that in processing multidimensional stimuli indivi-
duals will attend to, monitor or track the dimensions they view as
more important while minimizing the investment of cognitive resources
in dimensions they consider largely irrelevant. Thus, the assumption
introduced here is that there is a direct correspondence between the
magnitude of a raw score regression weight (or beta weight) and the
amount of attentive effort allocated to a particular cue.

The presumed relationship between cue utilization and attention
allocation provides a convenient and non-intrusive method for asses-
sing the automaticity of frequency encoding. As suggested earlier,

the "automatic" view of frequency encoding would gain considerable
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support if a statistically reliable and meaninfqul relationship were

found between cue utilization indices (i. e. indirect attention mea-
sures) and FE performance on the corresponding cues. In order to test
the relationship, the subjects' FE data were converted to unsigned de-
viation score form. The 35 deviation scores (5 profile sets X 7 pro-
files per set) were regressed on the corresponding true frequency
scores, raw score regression weights {or cue utilization incides), and
response latency measures. Separate analyses were conducted for each
subject. The results of these analyses, which are summarized in Table
5, show conclusively that cue utilization indices did not contribute
in any mearingful way to the accuracy of FEs. This was true for all
subjects.

Response latency was also unrelated to FE performance across all
subjects. It was somewhat surprising to find that more deliberate re-
sponses were not associated with improved FE performance. Furthermore,
no readily interpretable relationship was found between the true fre-
quency of target items and response latency across the subjects. The
r coefficients obtained from the correlation of true frequency with
response latency were -0.059, 0.059, -0.267 and -0.221 for subjects
1 through 4 respectively. The p-values associated with those coef-
ficients were greater than .05 in all cases. It seems clear that the
retrieval of frequentistic information (in realistic settings) is not
accomplished by some sort of intuitive counting system that searches
storage for each occurrence of a particular event. Were this the case,

a relationship would probably exist between the time spent "counting"
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and the number of target traces entered in storage. At any rate, spec-
ulation as to the meaning of unreliable statistical relationships is
unwise.

As indicated in Table 5, the true frequency of target repetitions

exhibited the strongest relationship with FE performance. Plots of
the data showed error to be a linear function of true frequency. In
other words, the estimates become progressively worse as the true
frequency of the target events increased. In post-experimental inter-
views all subjects spontaneously reported (a) that they had not "con-
centrated" on frequency information, and (b) frequency estimates
were particularly difficult to make because they had no idea how many
profiles they had seen. The latter observation points to the propen-
sity for individuals to invoke sampling techniques when attempting to
retrieve non-cued frequentistic information. Sampling, of course, en-
tails the systematic or random accessing of various storage locations
in an attempt to estimate the total number of target traces. Sampling
strategies do rely upon sample size information however. Based on
post-experimental sessions where subjects were encouraged to intro-
spect and relate information about their retrieval processes, it was
apparent that absolute frequency judgments were not absolute judgments
at all. Rather, they were derived from the (a) sampling of storage,

(b) estimation of sample size, and (c) the intuitive computation

of the absolute frequency on the basis of the results of processes
(a) and (b). It should be emphasized that each subject reported this

information spontaneously when asked “what was particulariy .difficult
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about the frequency estimation task?" Considering the complexity of
the retrieval strategies utilized by the subjects, the general lack
of correspondence between response latency and target frequency should
not be surprising.

The failure to find even the slightest hint of a statistical re-
lationship between the cue utilization measures and FE performance
suggests that attention per se is not sufficient for the processing
of frequentistic information. The highly consistent rating task per-
formance (ﬁz = .952) exhibited by the subjects Teft no doubt that
particular dimensions in the profile data received extensive attention.
Yet, ostensibly, this attentive effort was not invested in the develop-
ment of high quality frequency records. It appears, therefore,
that the cognitive processes involved in encoding of frequency informa-
tion are considerably more complex than once recognized. The specific
processing strategies involved in the transformation of repetitive
data into lasting frequency records remain to be identified. At any
rate, it is abundatly clear that frequency cannot be viewed as the
result of an automatic mechanism or even as an incidental by-product

of effortful processing that has been invested in some other task.

— e e g IR "3 T ™ ey WS T TR . T4 8 o e it T e EEEE -

b ——c W VL aand -




EXPERIMENT 3: FURTHER EVIDENCE FOR A NON-AUTOMATIC INTERPRETATION OF
FREQUENTISTIC ENCODING PROCESSES

Pre-experimental instructions have been shown to affect the de-
velopment of frequency records. Presumably, instruction operates
to focus attention on the repetitive characteristics of incoming data
which, in turn, activates specific processing strategies that result
in reasonably accurate frequency records. Unanswered in the research
concerning instructional effects is the question of whether the ob-
served improvements in FE performance is gained at the expense of de-
graded performance in other ongoing cognitive activities (e. g. the
rating of hypothetical applicant profiles). Substantial degradation
in the concurrent task performance would suggest that whatever pro-
cesses are governing frequency representation, they draw upon a limited
capacity afforded by attention. Were they instead "automatic,” and
therefore not capacity demanding, they should not affect the rating
performance adversely. Thus a search for performance tradeotfs would
yield important information on the automaticity of frequentistic en-
coding operations.

The purpose of Experiment 3 was to assess the automaticity of
frequency encoding by way of a dual-task paradigm in which an obviously
non-automatic task (i. e. hypothetical applicant rating) was paired

with a standard FE task.

Method

Subjects. The four practiced subjects from the previous experiment
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returned for participation in Experiment 3. Once again, the subjects
received $5.00 per hour for the study which lasted approximately two
hours.

Task and Stimuli. The overall task scenario was quite similar

to the one employed in Experiment 1. Again, two tasks were devised:

a rating task involving selection of candidates for a federally-funded
training program, and a frequency task that required monitoring speci-
fic dimensions of candidate profiles (e. g. how many females?). The
expenditure of effort on the tasks was manipulated through instructions
in much the same way as it was in Experiment 1. The subjects viewed

20 biocks of profiles consisting of 20 observations each. Instruc-
tions specified that the rating task was of primary importance for 10
profile blocks; the frequency estimation task was of primary importance
for the remaining 10 blocks.

For the rating task, good performance was defined primarily in
terms of the consistency with which the four dichotomized profile
cues (male/female; biack/white; physical handicap....yes/no; criminal
record.,..yes/no) were aggregated in the assignment of "candidate ac-
ceptability" ratings.

In the FE task, subjects were required to estimate the number of
females, blacks, handicapped and former criminals represented in each
block of 20 profiles. Each of these targets occurred with frequencies
of 0, 2, 4, 8 and 16 in four separate blocks, twice in the 10-block
series where the rating task was primary, and twice in the 10-block
series where the FE task was primary. The placement of the five fre-

quency levels within each 10-block series was determined randomly and
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independently for each of the four targets.

After the FE task was completed for a given block, the subjects
were given a straight-forward memory task in which the object was to
recall the serial position of the targets that had appeared with a
frequency of 2. The 20-profile sequences were broken into quadrants
and the subject was required to identify the quadrant number(s) in
which one or more of the targets appeared. It is important to note
that this procedure was followed for all targets in which the true
frequency was two, regardless of the subject's estimate.

The physical appearance of thé candidate profiles is shown in
Figure 3. Once again, the profiles were arranged to facilitate the

rapid encoding of all critical information.
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Procedure. The subject was seated in a cubicle and presented with

a prepared text that discussed the nature of the federally-funded

training program for which the hypothetical candidates were to be con-

sidered and reviewed the basic mechanics of the dual-task paradigm.
For half of the subjects, the order or primary tasks was FE-rating,
while for the other half, the order was rating - FE. The subjects

who received the latter ordering were first read:

Until I tell you otherwise, the rating task is, by far, the more
important task. Do as well as you can on the frequency task but

do not, under any circumstances allow your performance on the
rating task to slip. Do not be concerned if you cannot provide
accurate frequency judgments. We want you to concentrate on
rating the profiles as consistently and conscientiously as you
possibly can at all costs. Rating consistency is very import-
ant. Frequency judgments are not important. Please follow
these instructions.

The subjects in the rating - FE conditions heard virtually the
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APPLICANT NO. 12

SEX ===--====-===--—-emeoa- FEMALE
RACE == ==== == ==mmmmememmeo ot BLACK
PHYSICAL HANDICAP == == cocmmmeee oo NO
CRIMINAL RECORD -==========-==m=""-" YES

Figure 3. Illustration of an hypothetical applicant profile used
in the performance of two tasks, frequentistic coding of all stim-
ulus dimensions and aggregation of these cues to produce a set of
consistent judgments of applicant acceptability for a job-training
program.
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same plea again before the beginning of the second 10-block sequence;
the difference was, of course, in the emphasis of the FE task over the
rating task. Subjects in the FE -rating condition received the iden-
tical instruction sets in the opposite order.

After all instructions were given and all questions answered,
the subject was seated in front of a TRS-80 microcomputer which con-
trolled the display of the stimulus materials. The profiles were pre-
sented on a CRT for 3.0 sec. followed by a blank screen for 1.5 sec.
during which the subject recorded the ratings on the response form sup-
plied. After the completion of a profile block, FEs were obtained for
each of the four target events. The target localization task follow-
ed the FEs. The request for and response to the FEs and target local-
izations were made verbally. It was felt that this method would help
to maintain a higher level of conscientiousness on the part of the sub-
ject. Of course the experimenter was seated behind the subject to
avoid the possibility of unwanted, non-verbal feedback of some sort.
This procedure was followed for the first 10 profile blocks. A 5-10
min. rest break was given after the completion of the first 10-block
series. After the break, the subject returned to work on the second
10-block series in which the status of each task was reversed from

its previous level.

Results and Discussion

As expected, the overall quality of FE performance was superior

when it was the primary task. The mean unsigned error scores (and
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standard deviations), collapsing across subjects, were 1.431 (.664)
and 2.256 (.890) for primary status and secondary status respectively.
This was a reliable finding, F (1,3) = 11.363, P = .043. Subjects
tended to improve their performance over profile blocks although the
effect only approached statistical significance, F (9,27) = 2.068,

P = .070. Also, the quality of FE performance was not appreciably dif-
ferent across the four target events, F (3,9) = 2.475, P = .128. The
mean unsigned deviation scores for primary and secondary FE status are
shown in Figure 4 for each of the subjects. The Figure illustrates
the consistency of the effect of task status on the quality of FE per-
formance.

The incidental target localization task was included in the pre-
sent paradigm with the hopes that it would provide information regard-
ing possible differences in the representational form of the frequency
information which were related to the status of the FE task. Obvious-
ly, one way that FE performance could benefit from the special proces-
sing prompted by the "primary status" designation is through the intro-
duction of some change in the manner in which frequentistic information
is held in storage. For example, a multidimensional stimulus, such as
an applicant profile, might be broken down into its individual dimen-
sions, which are then coded and stored separately. At any rate, sup-
erior recall of specific event occurrences would be expected under
conditions of primary FE task status. The results of the test of this
hypothesis are summarized in Table 6. "Hits" were registered when two

conditions were met: first, subject correctly estimated the true target
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Figure 4. Frequency estimation performance of each
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TABLE 6
"Hits"” in Target Localization as a
Function of Frequency Task Status
Subject Primary Secondary
Status Status
|
1 2 0
2 0 1
3 5 4
4 0 1
Total Hits 7 6
frequency (i. e. 2 in all cases) and, second, when the subject iden-
tified the quadrants in which the target events appeared. Given that
the first condition was met, the probability that a subject would cor-
rectly identify the item locations by chance was .125 or 1 in 8. Be- .

cause eight localization responses were elicited in each of the status
(10 blocks) conditions chance performance would be a score of "1" for

both the primary and secondary FE task status. As apparent from Table
6, only Subject 3 performed at a level appreciably higher than chance.
The performance level exhibited by Subject 3 was uniformly good across

both status conditions however. C(Clearly, these findings do not
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eliminate the possibility that individuals code and store frequentis-
tic information in a variety of ways, depending on the perceived im-
portance of accurate FEs. They do, however, reinforce the notion
(introduced previously) that the particular cognitive processes assoc-
jated with frequency are far more complex than realized. The dismal
performance on the target localization task may also reflect the use
of very different processing strategies.

Because of the processing demands of the secondary task, and the
short exposure duration of each profile, it was impossible to code
the frequency information numerically, even when it was primary. Post-
experimental interviews revealed that subjects compensated for the in-
ability to count by the use of data simplification strategies. While
the details of the strategies were largely idiosyncratic, one common-
ality surfaced. Subjects reported collapsing or “chunking" applicant
profiles into meaningful groupings of attributes. For example, sub-
jects usually maintained "counts" of black females, handicapped females,
white former criminals, or some such combination. When asked about
the frequencies of particular events, individuals would have to assemble
the information from a variety of memorial sources. Put simply, there
was no evidence whatsoever, either from the empirical findings or the
introspective reports, to suggest that the frequency with which each
stimulus dimension (or target) appeared was catalogued separately in
storage. It follows that the temporal or serial positions of individual
profile dimensions would also be largely inaccessible to retrieval op-

erations.
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[t has been demonstrated that FE task performance was superior
in the primary status condition. The principal question now concerns
whether a performance tradeoff existed in the joint performance of the
FE and rating tasks. Was, for example, improved performance on the
FE task gained at the expense of reduced performance on the rating task,
and vice-versa?

To address this question, a measure of rating task performance
was developed. The first step in this procedure was to perform an odd-
even split of the 200 (10 blocks X 20 profiles per block) profiles rated
in each status condition. Multiple regression analysis was performed
on the odd profiles contained in each condition separately. Thus,
two separate multiple regression equations were formed for each subject:
one equation reflecting primary status rating behavior, and one equa-
tion reflecting secondary status rating behavior. The raw score re-
gression weights obtained from these procedures were then applied to
the cue values associated with the 100 even-numbered profiles in the
respective status conditions. The resultant predicted ratings were then
correlated with the obtained profile ratings, thereby yielding a mea-
sure of consistency in rating performance (r 9'y) which was ammendable
to statistical significance testing. In all, eight r y-y measures
were computed, one measure of primary status consistency and one mea-
sure of second status consistency for each of the four subjects.
These values are presented in Figure 5. All subjects showed a marked
decline in rating performance when the task was relegated from primary

to secondary status. In fact, the decline in Subject 2 performance

e R e e ag i) T T




73
was so drastic that it was not reasonable to expand the scale in Figure
5 to accommodate the secondary r 9-y value. The primary and secondary
r y-y scores from Subject 2 were .952 and -.058 respectively. The ob-
tained differences between primary and secondary rating task perfor-
mance were statistically significant for all subjects; the Fisher's z'
transformation values (and associated p-values) were 2.138 (.032), 12.981
(.000), 3.078 (.002) and 2.284 (.023) for subjects 1 through 4 respect-
ively.

The expected performance tradeoff between the concurrent tasks of
FE and profile rating was found in Experiment 3. Recall that Hasher
and Zacks (1979), Posner and Snyder (1975), Shiffrin and Schneider
(1977), among others, have argued that "automatic" cognitive processes
do not interfere, or interfere minimally in the performance of other
ongoing activities. A pronounced interference was documented in Ex-
periment 3. Not only does this fail to disconfirm the non-automatic
view of frequentistic information processing, it strongly suggests that
the concurrent tasks competed, to some extent, for the same limited
pool of cognitive resources. The subjects were not told to ignore the
secondary task, they were told to do the best they could without al-
lowing primary task performance to decline. Therefore, were it pos-
sible to achieve quality performance on both tasks, it would have been
done. The fact that quality joint-performance was not achieved im-
plies that the Timited capacity allocated by attention was exceeded

by the aggregate resource demands of the two tasks.
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GENERAL DISCUSSION

The vast majority of day-to-day choices, predictions, and judg-
ments are preceded by the retrieval of pertinent information from
storage. This information may be conceptualized as an intuitive data
base that is composed of numerous decisional elements. Most investi-
gations of human decision making have focused on the processes by
which these decisional elements are transformed (i. e. integrated, ag-
gregated, etc.) in producing decisions or judgments of some sort. Lit-

' tle concern has been given to the processes by which these elements
are encoded and retained in storage. This general lack of concern has
placed severe constraints on the ability to comprehend a great many
individual- and task-related differences in decision making.

The present paper has been concerned with some of the processes
associated with the information and retention of decisional elements.
Information about the frequency with which events occur constitutes
an important element in a variety of real-world decisions, preferences,
attitudes, beliefs and so on. Consider the common industrial/organi-
zational concerns of employee motivation and job satisfaction. It is
generally held that employees, in as much as possible, choose to in-
vest the most effort in those aspects of their jobs that are associa-
ted with the greatest extrinsic and intrinsic rewards (Lawler &
Suttle, 1973). There is a significant frequency component underlying
perceptions of the instrumentality of various job behaviors for the

attainmment of desired rewards. An assistant professor may attempt to
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infer a promotion board's policy for weighting teaching quality and
research activity by estimating the frequencies with wh ch various le-
vels of joint performance had resulted in promotion for his/her col-
leagues or acquaintances. It is clear that the veridicality of the
stored frequency records could be a contributing factor to the suc-
cess or failure of the candidate if the records resulted in a decis-
ion & to how effort should be distributed between the functions of
teaching and research.

Despite the importance of frequency information, the associated
cognitive processes are not well understood. One reason is, of course,
that frequentistic information processing is extremely difficult to
study. The primary reason is that often when subjects realize the
“true nature"' of the study, their information processing strategies
change markedly. This gets back to the notion of propositional en-
coding where subjects allocate attentive effort and direct various
controlled processes on the basis of "hunches" regarding the purpose
of the study. Another reason is that numerous investigations have
been conducted with the intent of identifying the true frequency me-
chanism, or the true representational mode of repetitive information.
[f anything has been learned from the present series of studies, it
is that the search for unitary mechanisms, or unitary representation-
al forms is not likely to be very productive. Sensitivity to fre-
quency is not the result of a unitary encoding mechanism or represen-
tational form. Rather, as suggestod earlier, it is the result of com-

plex interplay among special controlled processes that shape and




channel the flow of repetitive information into forms which are am-
menable to frequentistic retrieval operations. Of course, retrieval
operations are also subject to controlled processing (Jacoby & Craik,
1979). In Experiment 2 and Experiment 3, extensive post-experimental
interviews revealed a vast array of esoteric encoding and retrieval
strategies. Apparently, the facilitation of retrieval does not neces-
sarily mean semantic encoding, or counting, tagging and so forth.
There exists an entire system of frequency encoding and retrieval op-
tions. The particular options invoked in processing a given frequen-
tistic event stream appear to depend first upon the availability of
cognitive resources (Norman & Bobrow, 1975) or processing capacity
(Johnson & Heinz, 1978), and second upon a variety of individual and
task-related variables.

One c¢criticism of most previous research in the area of frequency
has been that, for the most part, only simplistic and highly artifi-
cial experimental stimuli have been used. Obviously, there is noth-
ing inherently wrong with using stimuli of this nature except when at-
tempting to generalize to how individuals process repetitive informa-
tion in the real world. For example, few would argue that frequency
records for random digits presented 2 per sec. are maintained in the
same manner as frequency records for Presidential blunders distri-
bu'ed over a period of four years. For in the real world, informa-
tion simply is not perceived and processed in quite the same manner
as it is in the laboratory. Prior beliefs, expectations and a host

of judgmental biases operate in the allocation of attention and the
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resultant activaticn of special controlled processes when individuals
attempt to code and store various dimensions of real world repetitive
events. These crucial processes cannot be seen in most laboratory in-
vestigations because there is rarely any uncertainty about what infor-
mation should be attended to, or how it should be encoded. Therefore,
it appears that use of highly simplistic stimuli does not yield sim-
plified representations of real-world frequentistic information proces-

sing but qualitatively different representations. Therein lies the

danger of artificiality.

In the present series of studies, some measure of progress was
gained toward the development of a realistic and yet experimentally
sound task environment for the study of frequentistic information pro-
cessing. C(Clearily, however, there is a long way to go. Nevertheless
it is encouraging to note that there was some degree of convergence
in the findings of this series with investigations which were more ba-
sic in emphasis and investigations which were more applied. For ex-
ample, the finding in Experiment 2 that individuals were generally
poor in absolute FEs when the task was secondary and when sample size
information was unavailable was similar to the findings of Lichten-
stein et al. (1978) and others who have reported that a number of judg-
mental biases and sampling techniques enter into the estimation of
real world frequentistic events. Yet, under optimal encoding condi-
tions, such as in the primary status condition in Experiment 3, ex-
cellent FE performance was achieved. This finding was consistent with
those of many investigations that were more basic in emphasis (e. g.

Erlick, 1961; Hintzman, 1969).
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Recall that the goal of this series of investigations was to
provide a convincing test of the automaticity of frequentistic en-
coding operations. As expected, the data strongly support the no-
tion that sensitivity to frequency is the result of special or stra-
tegic conscious, controlled or effortful processes afforded by the
allocation of attention. But what has been gained here is largely
"surface" information. It can be said that special controlled proces-
sing must be involved if quality frequency records are to develop.

But 1ittle is known about precisely how and when controlled processes
are activated.

The next logical step in this area of research might invoive the
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identification and description of various types of controlled processes.

It may be that there are individual and data-induced differences in
the manner in which frequentistic information is processed. The de-
velopment of a general taxonomy of frequentistic encoding and re-
trieval operations may lead to an understanding of if and when certain
controlled operations are more effective than others. Ultimately,

the goal would be to explain why some individuals are superior at fre-
quency related decision tasks and how these "skills" may be acquired

by others.
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